, a total of 27 consecutive patients (12 males, 15 females) with clinical evidence of cervical metastasis of well-differentiated thyroid carcinoma (WDTC) underwent 28 neck dissections (ND) with a mean follow-up 33.7 months. Papillary carcinoma was found in 24 patients and follicular carcinoma in 3.
INTRODUCTION
Well-differentiated thyroid cancer (WDTC) is the most common form of thyroid gland malignancy, accounting for 70% to 80% of all cases. Many studies have shown a high percentage of metastatic lymph nodes in WDTC ranging from 30% to 80%. [1] [2] Several researchers have addressed the question of whether there is a correlation between cervical metastatic disease and survival. While previous studies failed to show any association, recent publications have shown that positive lymph nodes have a prognostic value as to recurrence of the disease and survival.
WDTC has an overall excellent prognosis with a 10-year survival rate of over 90%. These outstanding results have raised a question regarding the extension of surgical intervention in the neck with clinical findings of metastases. Several options have been suggested addressing positive lymph nodes in the neck, ranging from refrain from any surgical intervention, through random lymph node biopsy, i.e., "berry picking" (removal of gross metastatic nodes that could be found at the surgical bed of the thyroid), sentinel lymph node biopsy, and neck dissection. Neck dissection (ND) was proposed at a variety of extensions, including radical ND, modified ND, and various selective ND. [3] [4] [5] [6] The pattern of spread of regional metastasis from WDTC is crucial to determine the extent of neck dissection needed to be performed in patients with clinical regional metastasis. There are few studies that address this issue, but there are still insufficient data regarding the pattern of spread of cervical metastasis in WDTC. [7] [8] [9] In this study, we evaluated the pattern of spread to regional lymph nodes metastasis of WDTC in patients presenting with clinically positive nodes. Yanir and Doweck: Regional Metastasis of WDTC medical records of patients as well as pathologic reports. The indication to perform ND in all patients but one was a neck mass diagnosed on a physical examination or computed tomography (CT) scan. The remaining dissection was performed after a metastatic lymph node was found in a central compartment dissection during thyroidectomy. Diagnosis of thyroid carcinoma was done by fine-needle aspiration biopsy (FNAB) followed by intraoperative frozen section. All patients underwent preoperative CT scan, either before the diagnosis, to evaluate neck mass, or after the diagnosis of metastatic disease, to evaluate the extent of the lymphatic spread. In the latter group, there was no use of contrast to avoid iodine load prior to radioactive iodine treatment. All patients underwent total thyroidectomy and selective neck dissection. Sixteen patients had their neck dissection done simultaneously with the thyroidectomy, whereas 11 patients had an interval neck dissection due to regional failure that was done 0.5 to 120 months after thyroidectomy (mean time 44.5 months, median 25.7 months).
MATERIALS AND METHODS
Selective neck dissection was performed on all patients: 24 patients (25 necks) underwent SND including levels II-VI, whereas 3 patients had SND including levels II-IV and VI.
None of the patients had clinically positive nodes in level I, and therefore level I was not dissected in any of the patients.
All patients were operated by a single surgeon (I.D.), and all neck dissection specimens were separated during surgery into levels and sent to pathology as separate specimens. This provided an accurate description of the nodal disease in the neck according to the levels of the neck.
Following the thyroidectomy, all patients had radioactive I 131 ablation. Therefore, patients who underwent interval neck dissection had radio-iodine treatment prior to neck dissection.
After surgery, patients were scheduled for a monthly follow-up visit in the first year and a 2 to 3 months follow-up visit in the second and third year. The following data were retrieved from the chart review: age, gender, time of follow-up, recurrence site (local, regional, or distant), status of the patients, and pathologic parameters, including size of the primary tumor in the thyroid gland, nodal yield (total number of nodes in neck dissection specimens), and number of pathologic nodes. Metastases to the neck were further evaluated with respect to the levels of the neck as described by Robbins et al. 10 Statistical analysis was performed using JMP 4 for Windows (SAS Institute Inc., Cary, NC). Statistical analysis included descriptive statistics for age and gender of patients, size of lesions, follow-up time and the pathologic findings. A linear regression model was done between the number of nodal metastasis in the neck and tumor size as well as age of the patients. A multivariate analysis was done to include parameters that influence the number of pathologic nodes in neck dissection. For all analyses P Յ .05 was considered significant.
RESULTS
Between October 2001 and December 2006, a total of 27 consecutive patients with positive nodes of WDTC underwent 28 neck dissections. One patient had gross bilateral metastases to both lateral necks and required bilateral ND. The histologic type was papillary carcinoma in 24 (89%) patients, whereas 3 patients (11%) had follicular thyroid carcinoma. Two patients with papillary carcinoma (8%) had tall cell variant.
The mean age at the initial diagnosis was 47 Ϯ 3.6 years (Ϯ SEM, range 21-85 years), and there were 12 (45%) males and 15 (55%) females. All patients but one underwent neck dissection due to clinical positive nodes that were diagnosed on physical examination or CT scan.
The remaining patient had ND due to metastatic lymph node found during thyroidectomy. The mean follow-up time after surgery was 33.7 Ϯ 7.2 months. None of the patients had local or regional recurrence. All patients but two are now free of disease; the two remaining patients had distant metastasis to the lungs.
The mean diameter of the primary thyroid tumor was 2.2 cm (range 0. [3] [4] [5] [6] [7] [8] . The primary tumor size according to the TNM staging system for thyroid cancer of the American Joint Commission on Cancer 11 was T 1 in 13 (48%) patients, T 2 in 5 (19%) patients, T 3 in 2 (7%) patients, and T 4a in 4 (15%) patients. In three patients we were unable to determine the size of the primary tumor. There was no difference in tumor size between young patients (Ͻ45 years old) and older patients (Ͼ45 years old).
The mean nodal yield (total number of nodes that were removed at each ND) was 33 nodes (range 10 -74), and the mean number of pathologic nodes in each ND specimen was 6.7 (range 1-28).
The predominant site for lymph node metastasis of WDTC was found in the central compartment (level VI), at the thyroid bed and the paratracheal area, in which 95% of the specimens were found to have metastasis (Fig. 1) . The metastatic spread to the lateral neck was substantial and inverse to gravity. Most commonly involved in the lateral neck was level III, with 68% of ND specimen found to have metastasis. Level IV was positive for carcinoma in 57% of the patients, and level II had metastasis in 54% of Yanir and Doweck: Regional Metastasis of WDTC the ND specimens. Although metastasis were predominant in level IIa (50%), there was a small number of patients (two patients) with metastatic nodes found above the nerve, in level IIb (7% or two patients); one of them had no metastasis in the level IIa. In the posterior neck, at level V, 20% of the patients were found to have metastasis. Of this subgroup, four patients had metastases to level IV as well. However, two patients had metastasis to level V with no evidence of metastasis to level IV.
An inverse correlation was found between the age of the patient and the number of pathologic nodes (P ϭ .0425) (Fig 2) . This can be expressed by the following equation:
(Number of positive nodes) ϭ 12.3 Ϫ 0.12*(age).
A linear regression model was done to evaluate possible correlation between the number of metastatic nodes found in ND specimens and the size of the primary tumor in the thyroid gland. On this model, number of metastatic nodes in the neck is linearly correlated to tumor size in the thyroid gland (P ϭ .02). This linear regression is demonstrated in the following equation (Fig. 3): (Number of positive nodes) ϭ
ϩ 1.85*(primary tumor size)
A multivariate analysis was done in which the number of positive node was correlated to both primary tumor size and age of the patients. The whole model is described by the following equation:
(Number of positive nodes) ϭ 9.9 ϩ 1.8*(primary tumor size) Ϫ 0.14*(age).
The whole model was significant (P ϭ .0038), with both age of the patients (P ϭ .01) and primary tumor size (P ϭ .0156) found as independent significant predictors of number of metastatic nodes in the neck.
DISCUSSION
The management of cervical metastases in patients with WDTC is still an unresolved issue. The prognostic significance of metastases to cervical lymph nodes is still debated in the literature. Mazzaferri et al. 1 demonstrated that patients with cervical node metastases had higher 30-year recurrence and mortality rates compared with those without nodal metastases. The author further showed that among older patients (over 45 years old), the presence of a cervical lymph node is even more significant as a prognostic factor for loco-regional recurrence. This finding was further confirmed by others. 12, 13 The debate about the clinical significance of metastatic nodes in WDTC further influences a major controversy regarding the extent of the lymphadenectomy in the neck. Several options have been suggested as to the proper way to address patients with positive cervical lymph nodes. Scheumann et al. 3 compared modified neck dissection and "berry picking," and showed a significant reduction in recurrence of the disease and better overall survival for patients who were treated with modified neck dissection. Different types of neck dissection were suggested, including radical, modified, or selective neck dissection. However, the pattern of spread of regional metastasis of WDTC is crucial to determine the extent of the neck dissection.
Few studies examined the pattern of thyroid cancer metastasis. Kupferman et al. 7 examined neck dissection specimens of 39 patients and showed that there was a high rate of metastases to the lateral neck, of which level III had the most prominent involvement (57%), and the posterior neck had high involvement as well (20%). There is no report regarding the extent of metastasis in the central compartment at that study. Pingpank et al. 9 showed a similar pattern of distribution to the lateral and posterior neck; however, the rates of metastasis were higher: level III, 76%; level IV, 59%; level IIa, 43%, and level V, 28%.
Our study demonstrates that patients with clinical evidence of regional metastasis in the posterolateral neck have high rates of metastases to the central compartment (95%). Our data also demonstrates significant involving of the lateral neck, especially to level III and IV, with 68% and 57%, respectively, followed by 54% of level II.
Whereas the finding for level III is similar to previous reports, our study showed higher rates of involvement of level IV compared with previous studies. The amount of metastasis at level II in the current study, 54%, was found to be significant and similar to previous data. While most of the disease was found at level IIa, there were two patients (7%) who had metastasis at level IIb, above the spinal accessory nerve. It is interesting to note that one of the patients had metastasis in level IIb with no disease at level IIa. Pingpank et al. 9 reported a high rate of lymph nodes metastasis at level IIb (21%) of whom three patients out of seven had disease above the accessory nerve with no metastasis bellow the nerve. Additionally, in 7 out of 38 patients, there was an intervening node level without disease-they called it "skip metastasis." Thus the author recommends anterior and posterolateral neck dissection for patients with lateral neck metastases of WDTC.
The amount of metastasis in the posterior neck in the current study was similar to previous reports. This supports the notion that the posterior neck should be included in the lymphadenectomy for the treatment of patients with neck involvement in WDTC.
The size of the primary thyroid tumor had been previously studied as a prognostic factor. 13-15 Reddy 13 et al. showed that lymph node metastasis does not correlate with tumor size in T1 differentiated thyroid carcinoma. Shah et al. 14 found that patients with tumor size between 3 to 5 cm have 40% greater risk of death from thyroid cancer than patients with tumor size smaller than 3 cm. Furthermore, in patients with tumors greater than 5 cm, the mortality risk was increased by 170% compared to patients with tumor sizes smaller than 3 cm. Machens et al. 15 found that the cumulative risk of lymph node metastasis increased linearly with increasing tumor diameter. Moreover, a correlation was found between the tumor size and the risk for distant metastasis. Our findings are in agreement with Machens et al. who suggested a correlation between primary tumor size and number of metastatic node. However, our analysis includes both the age of the patient and primary tumor size as significant and independent predictors for the extent of regional metastasis in WDTC.
CONCLUSIONS

1) Patients with WDTC and clinical positive nodes
show high rates of metastases at level VI.
2) The rate of metastases is also high at the lateral neck and to a lesser extent in the posterior neck. 3) Although high in the neck, level II is frequently involved. 4) Therefore, these patients should undergo SND, including level II-VI. 5) Both tumor size and age of the patient are independent predictors for the extent of metastatic nodal disease in the neck.
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